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A thermosetting pressure-sensitive adhesive which can obtain the high rate of polymerization without a 
decrease in the molecular weight by photopolymerization, thereby show the tackiness at ordinary 
temperatures to permit easy temporary adhesion to an adherend, can be cured by heating for a short 
period of time to exhibit strong adhesive strength and high heat resistance, and is excellent in storage 
stability before heating, comprising a photopolymerized product of a composition comprising a) 100 parts 
by weight of a monomer mixture comprising 70% to 99% by weight of an alkyl (meth)acrylate whose alkyl 
group has 2 to 14 carbon atoms on average, and 1% to 30% by weight of a monoethylenic unsaturated 
acid copolymerizable therewith based on the monomer mixture, b) 0.01 part to 20 parts by weight of a 
cleavage type photopolymerization initiator having 3 or more peroxide groups in its one molecule, c) 5 
parts to 30 parts by weight of an epoxy resin, and not substantially containing a curing agent for the epoxy 
resin as ingredient (c). 
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(54) Thermosetting pressure-sensitive adhesive 

(57) A thermosetting pressure-sensitive adhesive 
which can obtain the high rate of polymerization without 
a decrease in the molecular weight by photopolymeriza- 
tion, thereby show the tackiness at ordinary tempera- 
tures to permit easy temporary adhesion to an 
adherend, can be cured by heating for a short period of 
time to exhibit strong adhesive strength and high heat 
resistance, and is excellent in storage stability before 
heating, comprising a photopolymerized product of a 
composition comprising a) 100 parts by weight of a 
monomer mixture comprising 70% to 99% by weight of 
an alkyl (meth)acrylate whose alkyl group has 2 to 14 
carbon atoms on average, and 1% to 30% by weight of 
a monoethylenic unsaturated acid copolymerizable 
therewith based on the monomer mixture, b) 0.01 part 
to 20 parts by weight of a cleavage type photopolymeri- 
zation initiator having 3 or more peroxide groups in its 
one molecule, c) 5 parts to 30 parts by weight of an 
epoxy resin, and not substantially containing a curing 
agent for the epoxy resin as ingredient (c). 
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Description 

FIELD QF THE INVENTIQN 

s [0001] The present invention relates to a thermosetting pressure-sensitive adhesive excellent in heat resistance 
which withstands the use thereof at a high temperature of 100°C or more, or in a soldering process, and an adhesive 
sheet shaped in sheet or tape form comprising a base material having provided thereon the adhesive. 

BA CKGROUND QF THE INVENTION 

10 

[0002] Fa simplifying work and improving safety and sanitation, a process which comprises using a previously pre- 
pared adhesive sheet to effect adhesion treatment has been widely used instead of the conventional process which 
comprises applying and drying a liquid adhesive. As the adhesive sheet, a thermosetting adhesive sheet to be cured 
by heat treatment has been proposed in use for adhering electronic parts. 

75 [0003] The conventional thermosetting adhesive sheet is excellent in adhesive strength and heat resistance, but poor 
in tackiness at room temperatures, resulting in the difficulty of positioning and temporarily adhering the sheet There- 
fore, complicated treatments have been carried out, that is, the adhesive sheet is heated or swelled with a solvent to 
give tackiness thereto, followed by positioning and temporary adhesion. Furthermore, a low molecular weight ingredient 
not crosslinked is contained in a large amount before curing and this causes the problem of paste protrusion. Further, 

20 the conventional thermosetting adhesive sheets have disadvantages in that those excellent in storage stability take a 
lot of time for curing, and in that those curable for a short period of time is poor in storage stability. 
[0004] On the other hand, a pressure-sensitive adhesive sheet has a tackiness at ordinary temperatures, can be 
adhered to an object without any previous operation, and can immediately exhibit the adhesive strength. However, the 
pressure-sensitive adhesive sheet has the disadvantage that it is generally poor in adhesive strength and heat resist- 

25 ance, compared with the adhesive. In JP-A-5-1 17593 (the term "JP-A" as used herein means an "unexamined pub- 
lished Japanese patent application"), strong adhesion and high heat resistance are realized by the use of a 
photopolymerizable composition containing an alkyl acrylate as the main ingredient. However, it does not exceed the 
level of the conventional pressure-sensitive adhesive sheet. That is, it has been desired to provide an adhesive sheet 
which can exhibit adhesion as the pressure-sensitive adhesive sheet at the beginning of adhesion to an adherend and 

30 can exhibit a high adhesion and a high heat resistance comparable to those of the adhesive after adhesion. 

[0005] As a sheet which can meet this requirement, a so-called viscous adhesive, i.e., an adhesive having both char- 
acteristics of a pressure-sensitive adhesive and an adhesive has been proposed. For example, JP-A-2-272076 dis- 
closes a thermosetting pressure-sensitive adhesive in which a photopolymerizable composition obtained by adding an 
epoxy resin to an acrylic ester monomer is used as a raw material. Further, JP-A-7-2978 discloses a thermosetting 

35 pressure-sensitive adhesive in which a photopolymerizable composition obtained by adding an ester of an epoxy group- 
containing alcohol and (meth)acrylic acid and an epoxy resin to an alkyl (meth)acrylate is used as a raw material. 
[0006] In the adhesives according to these proposals, the photopolymerizable compositions are photopolymerized by 
irradiation of ultraviolet rays to form the thermosetting adhesives having both characteristics of pressure-sensitive adhe- 
sives and adhesives. These compositions contain a curing agent such as imidazole, dicyandiamide, polyamines and 

40 phenol resin, and the curing reaction thereof with an epoxy group is conducted. 

[0007] In this case, the curing reaction gradually proceeds in storage before or after photopolymerization to thereby 
deteriorate the adhesive characteristics, which raises a problem with regard to the storage stability. In particular, the 
adhesive disclosed in JP-A-2-272076 also has the problem that the acrylic polymer formed by photopolymerization is 
not crosslinked with the epoxy resin even after the curing reaction, resulting in insufficient heat resistance. 

45 [0008] Further, when the photopolymerizable compositions of this kind each is provided on a base material and pho- 
topolymerized by irradiation of ultraviolet rays to prepare an adhesive sheet, even if the layer thickness of the photopo- 
lymerizable composition is increased for securing good adhesive strength, the rate of polymerization is not increased. 
As a result, unreacted monomers remain to cause inhospitable odors or the occurrence of foaming due to vaporization 
of the unreacted monomers. Further, in applications such as electronic parts, there is a possibility of bringing about cor- 

so rosion of the electronic parts by vaporization of the residual monomers. Furthermore, when the amount of photopolym- 
erization initiator is increased for increasing the rate of polymerization, the amount of unreacted monomers is 
decreased, but the resulting polymer has a reduced molecular weight to thereby cause a deteriorated heat resistance. 

SUMMARY OF THE INVENTION 

55 

[0009] Contemplating such a situation, an object of the present invention is to provide a thermosetting pressure-sen- 
sitive adhesive which can exhibit a high rate of polymerization without a decrease in the molecular weight on photopo- 
lymerization, thereby can show the tackiness at ordinary temperatures to permit easy temporary adhesion to an 
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adherend, can be cured by heating after that for a short period of time to exhibit strong adhesive strength and high heat 
resistance, and is scarcely cured during storage before heating, thus being excellent in storage stability. 
[0010] Another object of the present invention is to provide a sheet-like or tape-like adhesive sheet thereof. 
[001 1 ] As a result of intensive studies for attaining the above-mentioned objects, the present inventors have discov- 

s ered that the rate of polymerization can be increased without a decrease in the molecular weight by photopolymerizing 
an acrylic monomer with a specific photopolymerization initiator. Even when the layer thickness of a photopolymeriza- 
ble composition is increased, the various disadvantages caused by unreacted monomers and the problem of deterio- 
rated heat resistance due to a reduction in the molecular weight can be avoided, and when a specific monomer 
containing a carboxyl group in the molecule is added to this photopolymerization system and allowed to react with an 

10 epoxy resin after photopolymerization, the acrylic polymer after photopolymerization is crosslinked with the epoxy resin 
to exhibit strong adhesive strength and high heat resistance, and the adhesive before the above-mentioned reaction 
and after photopolymerization shows the tackiness at ordinary temperatures to permit temporary adhesion to an adher- 
end, and can be cured by the above-mentioned reaction for a short period of time, and the adhesive is excellent in stor- 
age stability before the above-mentioned reaction, because a conventional curing agent such as imidazole, 

is dicyandiamide, polyamine and a phenol resin is not incorporated. 
[001 2] That is to say, the present invention provides: 

a thermosetting pressure-sensitive adhesive comprising a photopolymerized product of a composition comprising 
the following ingredients (a) to (c) and not substantially containing any curing agent for an epoxy resin as ingredient 

20 (c): 

a) 100 parts by weight of a monomer mixture comprising 70% to 99% by weight of an alkyl (meth)acrylate 
whose alkyl group has 2 to 1 4 carbon atoms on average, and 1 % to 30% by weight of a monoethylenic unsatu- 
rated acid copolymerizable therewith based on the monomer mixture; 
25 b) 0.01 part to 20 parts by weight of a cleavage type photopolymerization initiator having 3 or more peroxide 

groups in its one molecule; and 
c) 5 parts to 30 parts by weight of an epoxy resin; 

a sheet-like or tape-like adhesive sheet comprising a base material having provided on one side or both sides 
30 thereof the above-mentioned thermosetting pressure-sensitive adhesive layer or layers; and 

the above-mentioned adhesive sheet wherein the above-mentioned thermosetting pressure-sensitive adhesive 
layer has a thickness of 55 |xm or more. 

DETAILED DESCRIPTION OF THE INVENTION 

35 

[0013] The monomer mixture as ingredient (a) used in the present invention is a mixture of the alkyl (meth)acrylates 
and the monoethylenic unsaturated acids copolymerizable therewith. The former (meth)acrylic ester may be replaced 
by a vinyl monomer having no functional groups capable of reacting with the epoxy resin in an amount of 30% by weight 
or less of the amount allocated for (meth)acrylic ester (70 to 99% by weight of the monomer mixture). Examples of the 
40 vinyl monomer include vinyl acetate, styrene and acrylonrtrile which are known as monomers for modifying general 
pressure-sensitive acrylic adhesives. 

[0014] The alkyl (meth)acrylates include, for example, ethyl (meth)acrylate, n-butyl (meth)acrylate, 2-ethylhexyl 
(meth)acrylate, isooctyl (meth)acrylate and isononyl (met)acrylate. From these, one or two or more of them are selected 
for use so that the alkyl groups each has 2 to 14 carbon atoms on average. The monoethylenic unsaturated acids copo- 

45 lymerizable therewith include, for example, (meth)acrylic acid, itaconic acid and 2-acrylamidopropanesulfonic acid. 
[0015] In the monomer mixture as ingredient (a), with respect to the amounts of the alkyl (meth)acrylates and the 
monoethylenic unsaturated acids copolymerizable therewith, the former are used in an amount of 70% to 99% by 
weight, preferably 80% to 95% by weight, and the latter are used in an amount of 1% to 30% by weight, preferably 20% 
to 5% by weight, each based on the monomer mixture. Outside of the above-mentioned ranges, good results are diff i- 

so curt to be obtained in adhesive characteristics after the photopolymerization and epoxy curing reaction. 

[0016] It is presumed that the cleavage type photopolymerization initiator having 3 or more peroxide groups in one 
molecule used as ingredient (b) in the present invention produces the above-mentioned many radicals in one molecule 
by the cleavage thereof, and that when a polymer molecule extends from one of these radical, polymer molecules also 
extend from other radicals in the same molecule, resulting in the formation of a three-dimensional polymer structure. 

55 Accordingly, even if the length from a reaction initiation point to a reaction termination point is the same as with the con- 
ventional photopolymerization initiators, a higher molecular weight is obtained as a whole because the three-dimen- 
sional polymer structure is present in the polymer molecule. This seems to increase the cohesive force without 
impairing the adhesive strength to obtain good results in heat resistance. 
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[0017] As such photopolymerization initiators, benzcphenone group-containing polyvalent peroxyesters are prefera- 
bly used. Specific examples thereof include S.S'^^Metrap-butylperoxycarbonylJberuophenone. 3,3' .M'-tetraft-amylp- 
eroxycarbonyl)benzophenone, S^'^.A'-tetralt-hexylperoxycarbonylJbenzophenone, 3,3\4,4*-tetra(t-octylperoxy- 
carbonyf)benzophenone, S^'.^A'-tetrafcumylperoxycarbonyObenzophenone and S.S^^'-tetraCp-isopropylcumylper- 

5 oxycarbonyi)benzophenone. 

[0018] The amount of such a photopolymerization initiator is generally from 0.01 part to 20 parts by weight, and pref- 
erably from 0. 1 part to 3 parts by weight, per 1 00 parts by weight of monomer mixture as ingredient (a) described above. 
If the amount of the photopolymerization initiator is too small, the rate of polymerization is decreased because the initi- 
ator is consumed in the early stages. On the other hand, if the amount is too large, the rate of polymerization is 

w increased, but the molecular weight is decreased to cause insufficient cohesive force. Thus, both the cases are unfavo- 
rable. 

[001 9] The epoxy resin used as ingredient (c) in the present invention include a compound having two or more epoxy 
groups in one molecule, and preferred examples thereof include bisphenol epoxy resins, phenolic epoxy resins and hal- 
ogenated bisphenol epoxy resins. These epoxy resins contain no photopolymerizable groups in their molecules. The 
15 amount of the epoxy resin is generally from 5 parts to 30 parts by weight, and preferably from 5 parts to 20 parts by 
weight, per 100 parts by weight of monomer mixture as ingredient (a). If it is less than 5 parts by weight, progress of the 
crosslinking reaction of the acrylic polymer with the epoxy resin becomes insufficient to cause insufficient heat resist- 
ance. If it exceeds 30 parts by weight, excessive crosslinking of cured products is caused, thereby resulting in a peeliing 
phenomenon on the surface of an adherend and a deteriorated storage stability. 
20 [0020] The photopolymerizable composition of the present invention comprises the monomer mixture as ingredient 
(a), the photopolymerization initiator as ingredient (b) and the epoxy resin as ingredient (c) as essential ingredients, and 
may contain a crosslinking agent, if necessary. However, in terms of handling, the monomer mixture as ingredient (a) 
can be preliminarily polymerized to some degree using a photopolymerization initiator other than the photopolymeriza- 
tion initiator as ingredient (b). As the use of the photopolymerization initiator as ingredient (b) in preliminary polymeri- 
as zation may cause a possibility of gelation, the photopolymerization initiator as ingredient (b) is preferably added after 
the preliminary polymerization. 

[0021 ] Examples of the other photopolymerization initiator used herein include acetophenone initiators such as 4-(2- 
hydroxyethQxy)phenyl(2-hydroxy-2-propyl)ketone, 1 -hydroxycyclohexyl phenyl ketone, 2-hydroxy-2,2-dimethylace- 
tophenone, methoxyacetophenone and 2,2-dimethoxy-2-phenylacetophenone, benzoin ether initiators such as benzoin 

30 ethyl ether and benzoin isopropyl ether; ketal initiators such as benzyl dimethyl ketal; ketone halides; acyl phosphinox- 
ides; and acyl phosphonates. They may be used as a combination of two or more of them. 
[0022] The crosslinking agent can be incorporated together with the photopolymerization initiator as ingredient (b) 
and the epoxy resins as ingredient (c) after the above-mentioned preliminary polymerization, if necessary, and exam- 
ples of the crosslinking agent include Afunctional or more functional alkyl (meth)acrylate monomers known as multi- 

35 functional (meth)acrylates, for example, trimethylolpropane tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, 1 ,2- 
ethylene glycol di(meth)acrylate, 1 ,6-hexanediol di(meth)acry!ate and 1 , 1 2-dodecanediol di(meth)acrylate. The amount 
thereof is generally 5 parts by weight or less, and preferably 0.2 part to 3 parts by weight, per 100 parts by weight of the 
monomer mixture as ingredient (a), although it somewhat varies depending on the number of functional groups. The 
use of the crosslinking agent at such a rate can retain good cohesive force to give high heat resistance by the crosslink- 

40 ing effect to the acrylic polymer. 

[0023] The photopolymerizable composition of the present invention may contain various known additives such as 
tackifiers, polar monomers, plasticizers, softeners, fillers, pigments, dyes and antioxidants as optional ingredients, in 
addition to the above-mentioned three ingredients a to c and crosslinking agents, as long as they do not inhibit photopo- 
lymerization to be caused by irradiation of ultraviolet rays. The total amount of these additives is generally 30 parts by 

45 weight or less based on 1 00 parts by weight of the monomer mixture. 

[0024] General curing agents such as imidazole, dicyandiamide, polyamines and phenol resins known as the curing 
agents for epoxy resins can not be added as an optional ingredient to the photopolymerizable composition of the 
present invention. However, they may be incorporated as long as the crosslinking reaction with the epoxy resin does not 
substantially proceed and the incorporation of the curing agent causes no fear of significantly impairing the storage sta- 

so bility as one of the objects of the present invention. In the present invention, the terminology "not substantially contain- 
ing a curing agent" has such a meaning. 

[0025] The photopolymerizable composition is applied onto an adherend, or onto one side or both sides of a base 
material, followed by irradiation of an ultraviolet ray of about 400 mj/cm 2 to about 1 ,500 mj/cm 2 to photopolymerize it 
such that the rate of polymerization is generally 90% or more, thereby preparing a tackiness-imparted thermosetting 
55 pressure-sensitive acrylic adhesive itself having pressure-sensitive adhesive properties. 

[0026] As the base material, a releasing base material such as release paper, as well as a non-releasing base mate- 
rial such as synthetic resin films including a polyester film (e.g., polyethylene terephthalate film) and fiber base materi- 
als, can be used. In the case of the releasing base material, the thermosetting pressure-sensitive adhesive layer 
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provided thereon and photopolymerized may be transferred onto the above-mentioned non-releasing base material. 
The adhesive sheets of the present invention include both the sheets having the non-releasing base material and the 
sheets having the releasing base material as the base material. 

[0027] With respect to the adhesive sheets, there is no particular limitation on the thickness of the thermosetting pres- 
5 sure-sensitive adhesive layer provided on the base material. However, for retaining good adhesive strength, it is usually 
50 iim or more, preferably 55 |im or more, and more preferably 80 urn or more (usually, up to 400 pm). 
[0028] In the present invention, the photopolymerizable composition contains the cleavage type photopolymerization 
initiator having 3 or more peroxide groups in one molecule as ingredient (b). Accordingly, even when the composition is 
applied so as to give a thick layer as described above after photopolymerization, the photopolymerization reaction can 
10 satisfactorily proceed due to the specific amount of the above-mentioned initiator, thereby increasing the rate of polym- 
erization without a decrease in the molecular weight of the acrylic polymer. 

[0029] The thermosetting pressure-sensitive acrylic adhesive comprising the photopolymerized product thus formed 
shows the tackiness at ordinary temperatures to permit easy temporary adhesion to an adherend, is cured for a short 
period of time by the reaction of the acrylic polymer with the epoxy resin by heating, and has strong adhesive strength 
is and high heat resistance, and particularly withstands the use thereof at a high temperature of 100°C or more or in a 
soldering process. Thus, the adhesive of the present invention exhibits excellent performances desired as the thermo- 
setting pressure-sensitive adhesive. Moreover, the curing reaction scarcely proceeds in a state where the heat treat- 
ment is not applied yet, thus also being excellent in storage stability. 

[0030] The present invention will be illustrated in greater detail with reference to the following examples. All parts are 
20 understood to be by weight below. 

EXAMPLE 1 

[0031 ] Into a four neck flask, 90 parts of isononyl acrylate, 1 0 parts of acrylic acid and 0.05 part of 2,2-dimethaxy-2- 
25 phenylacetophenone were put, and exposed to an ultraviolet ray in an atmosphere of nitrogen to partially conduct pho- 
topolymerization, thereby obtaining a syrup having a viscosity of about 30 poises. With 100 parts of this partially polym- 
erized syrup, 0.2 part of trimethylolpropane triacrylate as a crosslinking agent, 0.4 part of ^'.M'-tetraft- 
butylperoxycarbonyl)benzophenone as a photopolymerization initiator and 20 parts of an epoxy resin (trade name: 
"Epikoat 828", manufactured by Yuka Shell Epoxy Kabushikikaisya) were homogeneously mixed to prepare a photopo- 
30 lymerizable composition. Then, this composition was applied onto a base material made of a 25-|im thick polyethylene 
terephthalate film to which a low adhesion-providing release treatment was applied, and irradiated with an ultraviolet 
ray of 900 mj/cm 2 to conduct photopolymerization, thereby forming a thermosetting pressure-sensitive adhesive layer 
having a thickness of 80 urn to prepare an adhesive tape. 

35 EXAMPLE 2 

[0032] An adhesive tape was prepared in the same manner as in Example 1 except that the thickness of the thermo- 
setting pressure-sensitive adhesive layer was changed to 100 \im. 

40 EXAM P LE 3 

[0033] into a four neck flask, 50 parts of isooctyl acrylate, 35 parts of butyl acrylate, 15 parts of acrylic acid and 0.05 
part of 2,2-dimethoxy-2-phenylacetophenone were charged, and exposed to an ultraviolet ray in an atmosphere of nitro- 
gen to partially conduct photopolymerization, thereby obtaining a syrup having a viscosity of about 30 poises. With 100 
45 parts of this partially polymerized syrup, 0.3 part of 1,6-hexanediol diacrylate as a crosslinking agent, 0.1 part of 
3,3',4,4'-tetra(t-butylperoxycarbonyl) benzophenone as a photopolymerization initiator and 10 parts of an epoxy resin 
(trade name: "Epikote 81 5", manufactured by Yuka Shell Epoxy Kabushikikaisya) were homogeneously mixed to pre- 
pare a photopolymerizable composition. Using this photopolymerizable composition, an adhesive tape having a 100- 
jim thick thermosetting pressure-sensitive adhesive layer was prepared in the same manner as in Example 1 . 

50 

COMPARATIVE EXAMPLE 1 

[0034] A photopolymerizable composition was prepared in the same manner as in Example 1 except that 0.4 part of 
2,2'-dimethoxy-2-phenylacetophenone was used in place of 0.4 part of S.S'^^'-tetrap-butylperoxycarbonylJbenzophe- 
55 none as a photopolymerization initiator added to 100 parts of the partially polymerized syrup, and using this photopol- 
ymerizable composition, an adhesive tape having a 80-fim thick thermosetting pressure-sensitive adhesive layer was 
prepared in the same manner as in Example 1. 
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COMPARATIVE EXAMPLE 2 

[0035] A photopolymerizable composition was prepared in the same manner as in Example 3 except that 0.1 part of 
2,2'-dimethaxy-2-phenytacetophenone was used in place of 0.1 part of S.a'.A^'-tetraCt-butylperoxycarbonylJbenzophe- 
5 none as a photopolymerization initiator added to 100 parts of the partially polymerized syrup, and using this photopol- 
ymerizable composition, an adhesive tape having a 100-nm thick thermosetting pressure-sensitive adhesive layer was 
prepared in the same manner as in Example 3. 

COMPARATIVE EXAMPLE 3 

w 

[0036] A photopolymerizable composition was prepared in the same manner as in Example 1 except that 10 parts of 
N-vinylpyrrolidone was used in place of 10 parts of acrylic acid and 3 parts of dicyandiamide was added as a curing 
agent for the epoxy resin, and using this photopolymerizable composition, an adhesive tape having a 80-jim thick ther- 
mosetting pressure-sensitive adhesive layer was prepared in the same manner as in Example 1 . 
15 [0037] All of the above-mentioned adhesive tapes of Examples 1 to 3 and Comparative Examples 1 to 3 had tackiness 
at ordinary temperatures, and their positioning and temporary adhesion to adherends were easy. Further, for the 
respective adhesive tapes, the rate of polymerization after photopolymerization, the adhesion (90° peel adhesive 
strength) after heating and the heat resistance (solder heat resistance) were examined by the following methods. 
Results thereof are as shown in Table 1 given below. 

20 

Rate Qf Pplymerizfitipn qfler PhQtQpplymQrizqtipn 

[0038] About 2.0 g of the thermosetting pressure-sensitive adhesive was collected from the adhesive tape and pre- 
cisely weighed. This was heated at 130°C for 2 hours, and the weight thereof after heating was measured. Then, the 
25 rate of polymerization after photopolymerization was calculated according to the following equation: 

Rate of polymerization = (Weight after heating/Weight before heating) x 100 (%) 

Adh^ig n 

30 

[0039] The adhesive tape was laminated with a polyimide film ("Upilex 75S" manufactured by Ube Industries Ltd.) 
under pressing conditions of 200°C, 1 MPa and 1 second and under curing conditions of 150°C and 2 hours, and the 
90° peel adhesive strength was examined. 

35 Heat Resistance 

[0040] After removing the base material, the thermosetting pressure-sensitive adhesive layer of each adhesive tape 
was allowed to intervene between SUS 304 (stainless steel specified in Japanese Industrial Standard) and a polyimide 
film, and laminated therewith under pressing conditions of 200°C, 1 MPa and 1 second and under curing conditions of 
40 1 50°C and 2 hours, and the resulting laminate was floated on a solder bath of 260°C for 30 seconds with the the poly- 
imide film face being upward. After this treatment, the laminated state of both described above was visually observed. 
One in which neither foaming of the adhesive nor abnormal adhesion (floating, wrinkles, separation and displacement) 
was observed was evaluated as "A", and one in which either the above-mentioned foaming or abnormal adhesion was 
clearly observed was evaluated as "B". 

45 



TABLE 1 





Rate of Polymerization 
(%) 


Adhesion (g/cm) 


Heat Resistance 


Example 1 


99.0 


1.500 


A 


Example 2 


98.4 


2,000 


A 


Example 3 


98.6 


1.800 


A 


Comparative Example 1 


98.0 


1,100 


B 


Comparative Example 2 


97.1 


1,600 


B 


Comparative Example 3 


98.9 


1,400 


B 
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[0041] Results of Table 1 described above indicate that the respective adhesive tapes of Examples 1 to 3 give high 
90° peel adhesive strength and good solder heat resistance after heating, because the high rate of polymerization is 
obtained without a reduction in the molecular weight by photopolymerization. In contrast, the adhesive tape of Compar- 
ative Example 1 is high in the rate of polymerization after photopolymerization, but low in the molecular weight of the 

5 polymer produced. Accordingly, it is poor in the above-mentioned adhesive strength and solder heat resistance. The 
adhesive tape of Comparative Example 2 is decreased in the rate of polymerization after photopolymerization, resulting 
in unsatisfactory solder heat resistance. Further, in the adhesive tape of Comparative Example 3, the acrylic polymer 
and the epoxy resin are not crosslinked even after curing by heating, so that the solder heat resistance is insufficient. 
[0042] Then, for the respective adhesive tapes of Examples 1 to 3 and Comparative Example 3, the adhesive strength 

10 and the heat resistance were examined in the same manners as described above after storage in the atmosphere of 
23°C and 65% RH for 90 days, as storage stability tests. As a result, the respective adhesive tapes of Examples 1 to 3 
scarcely changed in both the above-mentioned characteristics from those before storage. However, the adhesive tape 
of Comparative Example 3 was largely deteriorated in the adhesion, to say nothing of the heat resistance, so that it 
could not be used. 

is [0043] As described above, the present invention can provide the thermosetting adhesives and the adhesive sheets 
thereof which can increase the rate of polymerization without a decrease in the molecular weight, which allows the var- 
ious conventional disadvantages caused by unreacted monomers and the problem of deteriorated heat resistance due 
to a reduction in the molecular weight to be avoided, show the tackiness at ordinary temperatures to permit easy tem- 
porary adhesion to adherends, after the above-mentioned photopolymerization, besides, exhibit strong adhesive 

20 strength and high heat resistance by curing for a short period of time due to the reaction of the acrylic polymer with the 
epoxy resin by heating after that, particularly give the heat resistance withstanding the use thereof at a high tempera- 
ture of 100°C or more or in a soldering process, and show the excellent storage stability, i.e., the curing reaction 
scarcely proceeds during storage before heating, by adding a monoethyienic unsaturated acid, a cleavage type pho- 
topolymerization initiator having 3 or more peroxide groups in its one molecule and an epoxy resin to an alkyl (meth)acr- 

25 ylate, and photopolymerizing them. 

[0044] While the invention has been described in detail and with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 
the spirit and scope thereof. 

30 Claims 

1 . A thermosetting pressure-sensitive adhesive comprising a photopolymerized product of a composition comprising 
the following ingredients (a) to (c) and not substantially containing a curing agent for an epoxy resin as ingredient 
(c): 

35 

a) 100 parts by weight of a monomer mixture comprising 70% to 99% by weight of an alkyl (meth)acrylate 
whose alkyl group has 2 to 14 carbon atoms on average and 1% to 30% by weight of a monoethyienic unsatu- 
rated acid copolymerizable therewith based on the monomer mixture; 

b) 0.01 part to 20 parts by weight of a cleavage type photopolymerization initiator having 3 or more peroxide 
40 groups in its one molecule; and 

c) 5 parts to 30 parts by weight of an epoxy resin. 

2. The thermosetting pressure-sensitive adhesive of claim 1 , wherein the alkyl (meth)acrylate is at least one selected 
from the group consisting of ethyl (meth)acrylate, n-butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, isooctyl 

45 (meth)acrylate and isononyl (met)acrylate. 

3. The thermosetting pressure-sensitive adhesive of claim 1 , wherein the monoethyienic unsaturated acid is at least 
one selected from the group consisting of (meth)acrylic acid, rtaconic acid and 2-acrylamidopropanesulfonic acid. 

so 4. The thermosetting pressure-sensitive adhesive of claim 1 , wherein the cleavage type photopolymerization initiator 
is at least one selected from the group consisting of from S.S'^^'-tetraO-butyl-peroxycarbonyObenzophenone, 
3,3\4,4Metra(t-amylperoxy-carbonyl)benzophenone, S^'^^'-tetraft-hexylperoxy-carbonylJbenzophenone, 
S^'^^'-tetraft-octylperoxy-carbonylJbenzophenone, 3,3\4,4'-tetra(cumylperoxycarbony1)-benzophenone and 
3,3\4,4'-tetra(p-isopropylcumylperoxy-carbonyl)benzophenone. 

55 

5. The thermosetting pressure-sensitive adhesive of claim 1 . wherein the epoxy resin is at least one selected from the 
group consisting of a bisphenol epoxy resin, a phenolic epoxy resin and a halogenated bisphenol epoxy resin. 
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6. An adhesive sheet comprising a base material having provided on one side or both sides thereof at least one layer 
made from a thermosetting pressure-sensitive adhesive comprising a photopdymerized product of a composition 
comprising the following ingredients (a) to (c) and not substantially containing a curing agent for an epaxy resin as 
ingredient (c): 

a) 100 parts by weight of a monomer mixture comprising 70% to 99% by weight of an alkyl (meth)acrylate 
whose alkyl group has 2 to 14 carbon atoms on average and 1% to 30% by weight of a monoethylenic unsatu- 
rated acid copolymerizable therewith based on the monomer mixture; 

b) 0.01 part to 20 parts by weight of a cleavage type photopolymerization initiator having 3 or more peroxide 
groups in its one molecule; and c) 5 parts to 30 parts by weight of an epoxy resin. 

7. The adhesive sheet according to claim 6, wherein the thermosetting pressure-sensitive adhesive layer has a thick- 
ness of 50 to 400 Jim. 

8. The adhesive sheet according to claim 6. wherein the thermosetting pressure-sensitive adhesive layer has a thick- 
ness of 55 or more. 

9. The adhesive sheet of claim 6, wherein the alkyl (meth)acrylate is at least one selected from the group consisting 
of ethyl (meth)acrylate, n-butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, isooctyl (meth)acrylate and isononyl 
(met)acrylate. 

10. The adhesive sheet of claim 6, wherein the monoethylenic unsaturated acid is at least one selected from the group 
consisting of (meth)acrylic acid, itaconic acid and 2-acrylamidopropanesulfonic acid. 

1 1 . The adhesive sheet of claim 6, wherein the cleavage type photopolymerization initiator is at least one selected from 
the group consisting of from S.^^Metraft-butylperoxycarbonytybenzophenone, 3,3\4,4Metra(t-amylperaxycarbo- 
nyl)benzophenone, 3 > 3 , ,4 l 4'-tetra(t-hexylperoxycarbonyi)benzophenone, S.^MMetraO-octylperoxycarbonyiJben- 
zophenone, 3,3' i 4 i 4 , -tetra(cumylperoxycarbonyl)benzophenone and 3,3\4,4Metra(p-isopropy1cumylperoxy- 
carbonyl)benzophenone. 

12. The adhesive sheet of claim 6, wherein the epoxy resin is at least one selected from the group consisting of a 
bisphenol epoxy resin, a phenolic epoxy resin and a halogenated bisphenol epoxy resin. 
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